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The invention relates t 
p plates to Tumor Necrosis Factor (TNF) BintU 

Protein I an H m - UWJ? ' Binding 

- ... ™— >• » - *r* « ^ (or 

Patent Application No! 83878 of -k 

«J878 of the. same applicant d<* „ 
new protein f n „„^ , ' ' Hpj-icant discloses a 

P °tein found in urine and capable of . 
TNF to i*„ inhxbiting the binding of 

receptors and cytQtoxic ^ n 8 

is, now referred to hereinaf^ *"»proteto 
. herei„ a f ter as TNF Binding Protein , or TBp 

V T he : Process £or th6 extraction and purification ^ 

. above mentioned patent annn, ' the 

( a) ' . , 6nt -""c-tioo comprises the foUowing steps- ' 

(a) recovering fh* „ ^ . eps * 

8 ° rUde Pr ° tein ^ti 0n from a dyaU2ed . 
concentrate of human urine, 

r 1 ":^^"" ^'^ n fraction.of 8tep (fl) fc , 

exchange chromatography to obtain partlall ' * ^ 

: fractions of the TNF dj P " tia1 ^ Purified active 

lnh ., ■„ ' TNF Binding Protein defined by its ability to 

■ inhxbxtboth the binding, of TNF to its 

. ^oto X i ceffect of TNF; . ^ -4 the 

^ >PPlyin g said partially purified active fracti 

; Rfn ., „ ■ .. 1Ve Actions of the TNF 

Binding Protein from step (b) tn ' 

&te P (d) to reversed Dha«?P m„k 

.. " Ucuid chromatography (HPt0) tQ " 

active f . * P) t0 : ° btain -"stantiaUy purified 

-. . ^7 , ° f " Bindin8 — -fined by us 

— tyto bbth the binding of TNF to its receptors d 

- ^.cytotoxic effect of TNFj and 

(.0.) recovering t he substantially purify " ' 

. iiy purified protein, of step ( C ) said 
.Protein having a molecular weight of b 

wexgnt of about -vx* 
. j 0 ZB Kd a on SDS pact? . 



The purified TBP-I was 'sequenced and shown to contain at the 
N- terminus the following amino acid sequence: 



1 



10 



15 



Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ue-His-Pro-Gln-Asn-Asn-S 



The invention relates to oligonucleotide probes to the cDNA 
coding for a protein comprising the amijio acid sequence of TBP-1. The 

i 

probes were synthesized by known methods on the basis of the above 

amino acid sequence of the N-terminus of TBP-I . 

i 

The invention also relates to a DNA molecule comprising a 



recombinant DNA molecule or a cDNA 



comprising the amino acid sequence of TBP-I or a protein 



molecule coding for a protein 



Within the scope of the 



substantially homologous therewith, 
invention are DNA molecules encoding said homologous proteins having 
the same biological activities of TBP-I 

In a preferred embodiment, the DNA molecule is a cDNA molecule 
picked up from a human cDNA library., in particular a colon cDNA 



partial restriction map of an 



library. Illustrated in Figure 1 is a 
insert of about 1.0 Kb of such a cDNA molecule obtained in agarose 
gel and herein designated C2." Figure 2 illustrates a partial 
nucleotide sequence of said C2 insert land also a partial translated 
amino acid sequence comprising the NHj-terminal amino acid sequence 



of TBP-I encoded thereby. Figure 3 
nucleotide sequence of the C2 insert 
Figure h shows a possible nucleotide 
that seems to have 965 nucleotides. 

The invention further comprises cloning of said cDNA molecule 



illustrates another partial 
starting from nucleotide 342. 
sequence of the whole insert » 



into a. replicable plasmid vector and transformation of a bacterium, 
e.g., competent E.coli TGI therewith: 

In another aspect., the invention comprises the isolation of mRNA 
coding for a protein comprising the amino acid sequence of TBP-I by 
extraction from cells and its detection by hybridization with the 
cDNA of the invention. 

Once the mRNA is obtained in a purified form, the cDNA coding 
for a protein comprising the amino acid sequence of TBP-I can be 
obtained by contacting the mRNA with reverse transcriptase for a time' 
and under conditions sufficient to form said cDNA. This cDNA may be 
converted to double stranded cDNA by known techniques. 

Probes may be prepared f rom the; cDNA sequences of the invention 
and used ..for isolation of the genomic DNA coding for a protein 
comprising the amino acid sequence of TBP-I by known methods, e.g. by 
colony hybridization techniques under stringent conditions. 

• The DNA °f Positive clones are then inserted into appropriately 
constructed expression vectors by techniques well known in the art. 
Double-stranded cDNA is linked to plasmid vectors by homopolymeric 
tailing or by restriction linking involving the use of synthetic DNA 
linkers or blunt-ended ligation techniques. DNA ligases are used to 
ligate the DNA molecules and undesirable joining is avoided by ' 
treatment with alkaline phosphatase. ' 

In order to be capable of expressing a desired protein, an 
expression vector should comprise also specific nucleotide sequences 
containing transcriptional and translational regulatory information 
linked to the DNA coding for the desired protein in such a way as to 
permit gene expression and production of the protein. The gene must 
be preceded by a promoter in order to be transcribed. There are a 



3 



variety of such promoters in use, which work with different 
efficiencies (strong and weak promoters \ . 

The DNA molecule comprising the nucleotide sequence coding for a 
protein comprising the amino acid sequence of TBP-I preceded by a 
nucleotide sequence of a signal peptide and the operably linked 
transcriptional and translational reguUtory signals is inserted into 
a vector which is capable of integrating the desired gene sequences 
into the host cell chromosome. lie cells which have stably 
integrated the introduced DNA into their chromosomes can be selected 
by also introducing one or more markers' which allow for selection of 
host cells which contain the expression vector. 

In a preferred embodiment, the introduced DNA molecule will be 

incorporated into a plasmid or viral vector capable of autonomous 

i 

replication in the recipient host.! Factors of importance in 

i 

selecting a particular plasmid or viral vector include the ease with 
which recipient cells that contain the vector may be recognized and 
selected from those recipient cells which do riot contain the vector; 
the number of copies of the vector which are desired in a particular 
host and whether it is desirable to bj able to "shuttle" the vector 
between host cells of different species. Once the vector or DNA 
sequence containing the construct(s) has been prepared for 
expression, the DNA construct(s) mayj be introduced into an appro-/ 
priate host cell by any of a variety pf suitable means: transforma- 
tion, transfection, conjugation, protoplast fusion, electroporation, 
calcium phosphate precipitation, direct '[microinjection, etc. 

Host cells to be used in this invention may be either 
prokaryotic or eukaryotic. Preferred prokaryotic hosts include 
bacteria, such as E.coli. Under such conditions, the protein will 



not be glycosylated. The prokaryotic host' must be compatible with 
the replicon and control sequences in the expression plasmid. 

Preferred eukaryotic hosts are jmammalian cells . e .g ., human, 
monkey, mouse and Chinese hamster ovary (CHO) cells, because they 
provide post-translational modifications to protein molecules 
including correct folding or glycosylate at correct sites. Also 
yeast and insect cells can carry o|ut post-translational peptide 
modifications including glycosylate i A number of recombinant DNA 
strategies exist which utilize strong promoter sequences and high 
copy number of plasmids which can be [utilized for production of the 
desired proteins in yeast. Yeast rLognizes leader sequences on 
cloned mammalian gene products and secretes peptides bearing leader 
sequences (i.e. pre-peptides) . ! 

After the introduction of the vector, the host cells are grown 
in a selective medium, which selects for the growth of vector- . 
containing cells. Expression of the c|oned gene sequence(e) results 
in the production of the desired protein or a fragment thereof. The 
expressed protein is then isolated and purified by any conventional- 
procedure involving extraction. precipitation. chromatography, 
'electrophoresis, or the like. 

j! 

The invention will be illustrated J>y the following examples: 



Example 1 

Preparation of o ligonucleotide prohpg 

Oligonucleotide probes to the cDNA jof TBP-I were designed on the 
basis of the NH a -terminal amino acid sequence of the protein. Three 
mixtures of the synthetic oligonucleotio^s shown below and designated 
1008, 1009, 1010 were used. I 



, Probe 1008 is a mixture of 64 different . 26-mers. in which 
; deoxyinosine was introduced wherever the number of possible 
alternative codons for the amino acid exceeded 3. The two other 
mixtures are 17-mers the first , probe 1009, is a mixture of 128 



second, probe 1010, of 196 



different oligonucleotides and the 

different oligonucleotides. Each oij these 'two latter mixtures 
corresponds to part of the amino acid sequence coded-for by 1008. The 
nucleotide sequence of these two mixtures overlap each other. 



1008 



1009 



1010 



GGI GTC CCI TTC ATA TAA GTA GGI GT 



G 
T 



GGA GTC CCA TTC ATA TA 
C T C T G I 
T G 
G T 

I 



TTC ATA jTAA GTA GGA GT 
T G I G G C 

T G 

! T 

Example 2 

Isolati on of cDNA clones 

CDNA clones comprising a nucleoside sequence coding for a 
protein comprising the amino acid sequence of TBP-I were isolated 
from a human cDNA colon library with ine aid of the oligonucleotide 
probes of Example I as follows: 

: cDNA libraries" constructecj in lambda" gtll (Clontech 

Uboratories, inc., U.S.A.) derived from the mRNA of human liver, 
human placenta, human colon and of HeLa' cells were screened with the 



The liver, placenta and HeLa 



aid of the 1008 probes of Example 1. 
cDNA libraries were oligo dT primed, while the colon cDNA library was 
randomly primed. In each screening, 5x10- phages were adsorbed to 



. -. Escherichia coli, strain Y1088, plated at a density of 40,000 
. p.f.u/15cm petri dish and grown at 37»C for 18 hours. Nitrocellu- 
lose filters were overlaid in duplicates on the plates, then immersed 
in DNA-denaturing solution, transferred further to a neutralizing 
solution, and then dried in vacuum at 80«C and . prehybridized to allow 
non-specific sites to be saturated jwith unlabeled DNA. The 1008 
probes were «P-end-labelled, using t»je T4 polynucleotide kinase and 
applied to the filters in a solution containing 6 SSC (1 SSC 
corresponds to 0.15M NaCl and 0.015M sjodium citrate). 10 "Denhardfs 
solution- (a mixture of Ficoll. polyvinylpyrrolidone and bovine serum 
albumin (Pentax Fraction V) in waterj. according to T. Maniatis, et 
al.. Molecular Cloninp, A Laboratory 1 Manual C ol d Spring Harbor 
Press. N.Y.. 1982 p. 448). 0.5: SDS ( sojiium dodecyl sulfate), and 100 
M.g/ml salmon sperm DNA. Hybridization wis carried out for 18 hours at 
50°C with the colon library and at |42°C with the other libraries . 
Unbound labelled probe was washed withj a solution containing 3SSC at 
25°C and then twice again either at 42°C or. for the colon library, 
at 50°C. Positive clones, identified by exposure of the filters to 
. autoradiography, were picked up. purified and checked for 
| ; ;- -hybridization to the 1009 and 1010 probss under those same conditions 

llir 1Ch W6r<? a PP lied f°r the screening with the 1008 probes, except 

' . -j v 

|gi|hat the temperature of hybridization ajid washing was 30°C. 

J|r|. The results of the screening are . summarized in Table I. Clones 

;|;iV which hybridized with all three probes 

IIP" 

.jif'.p. 



,« pi ,, v - could be detected only in the 

li-fr, Placenta and colon libraries. In further analysis of the nucleotide 
sequence, only the clones picked up frpm the colon library (the only 
^library which was randomly primed) |ere found indeed to code for 
s';TBP-I. These clones were designated Cl[ C2, C3, and C4. 



a- : ■ 



Vector 



Table I: Libraries screened for the TBP-I cDNA 
— and the clones which were isolated 



Library Clone Jname Tem P ; of hybridization 
j 1008 1009 1010 

c° c° c° 



*gtll cDNA 
oligo dT primed 



Liver 
HeLa 

Placenta 



*gtll cDNA 
randomly primed 



Colon* 



♦normal tissue around colon cancel 



17 

19 

131 

133 

152 



CI 
C2 
C3 
C4 



50° 






50° 


30°. 


30° 


60° 


30° 


30° 


50° 


30° 


30° 


50° 






60° 


30° 


30° 


60° 


30° 


30° 


60° 


30°. 


30° 


60° 


30° 


30° 



human colon cDNA 



/4 



Example 3 

! 

Characterization nf m,. i 8 ol flt -prf . 1 4 ea frnm ,.„, 

library I 

■ i 

The purified lambda gtll DNA containing positive cDNA clones' 
were digested with EcoRl and size-fractionated on 12 agarose gel. Two 
of the clones had an insert size of ..jbout 1.0 Kb. the third was of 
0.9 Kb and the fourth had two inserts of 0.9 and 0.8 Kb. Cross- 
hybridization among the four clones wai tested by Southern blotting. 
The results are summarized in Table II. j clones C2 and C3 were' found 
to contain the same 1.0 Kb insert, j The restriction map of this 
insert is shown in Figure 1. Clone C5 contains two inserts, of 0.9 
and 0.8 Kb, the 0.9 Kb insert constitutes part of the insert of C2. 
.while the 0.8 Kb insert seems to be unrelated. Clone CI also contains 

8 



f M ■ 

Wt*. . 



If". 



a 0.9 Kb insert which constitute 



s part 



of the insert of C2. 



Table II, insert sizes and interrelationships in the 
various cDNA clnnp fl j f or TBP-T 



cDNA clone insert Crosj, hybridization: 

the With the with the EcoRI- 
Cl insert. C2 insert PstI 165 nucleotide 

fragment of C2 



(Kb) 



CI 


0.9 


++ 


C2 


1.0 


+ 


C3 


1.0 


+ 


C5 


0.9, 0.8 


+ 



+ 

++ 
++ 
++ 



++ 
++ 
++ 
++ 



The 1.0 Kb EcoRI insert of the C2 clone was subcloned in a 
Bluescript plasmid vector of Stratagjene Cloning System (San Diego, 
Cal.) and E. coli TGI competent bacteria were transformed therewith. 



The transformed bacteria were deposited 
de Cultures de Microorganismes (C.N.C 



with the Collection Nationale 
.M.), of the Institut Pasteur, 



Paris, France, on December 6, 1989 undpr the Budapest Treaty, and it 
was assigned the deposit number CNCM 1-917. 



Example 4 

• . ■ 

Screening of a n oli P o d T priori f t» An placent* 



) cDNA library with 
' to the insert of clone C2, 



the DNA probes 

|i To Isolate sequences extending 
p,5 X 10- recombinants from human placenta cDNA library in lambda gtll 
were screened for hybridization with thj aid of a probe prepared from 
^heias-nucleotide Pstl-PstI fragment if clone C2 (see Fig. 1) which 
was labelled with the multiprime j DNA labelling systems kit 



on the use of random sequence 
8 on denatured template DNA at 



■ (Amersham) . The technique is ; based 
hexanucleotide to prime DNA synthes 
numerous sites along its length. 

Phages were adsorbed to E.coli strain Y1088, plated at a density 
of 40,000 p.f.u/15 cm petri dish and grown at 37°C overnight. Two 
sets of nitrocellulose filters were Iverlaid and immersed in a tray 
containing DNA-denaturing solution. The filters were washed, fixed, 
neutralized, dried at 80°C under vacuum and prehybridized to allow 
non-specific sites to be saturated jby unlabelled DNA. Then the 

filters were hybridized with the "P-labelled probe overnight at 

j 

65°C. Unbound label was washed firstj in a solution containing 1SSC 
and 0.1Z SDS (twice at 25°C and then twice again at 65°C) and then 
at 65°C in a solution containing O.ljssc.and 0.1Z SDS. Filters were 
autoradiographed. Thirteen positive clones were obtained and picked 
up. After purification, these clones; were tested for hybridization 

with a probe constructed from the |c2 insert from which the above 

j 

EcoRI-PstI insert was deleted. Four clones were found to hybridize. 
DNA from these positive clones was 
phages by centrif ugation in a CsCl 
excised by cutting with. EcoRI and jtheir sizes were estimated by 
.electrophoresis on 12 agarose gel. Thje phage containing the largest 
fragment of about 2.0 Kb was subjected to further analysis. Its 
insert was subcloned in a Bluescript Iplasmid vector and E.coli TG 1 
competent bacteria were transformed therewith. 



isolated after purifying the 
solution. Their inserts were 



I 

Example 5 { 



f ipH Determination of the nucleoti de sequence in the cloned DNA 

DNA of the 1.0 Kb EcoRI insert of the C2 clone propagated in the 

10 1 



] ; Bluescript plasmid vector was Ejected' ' to partAx degradation t0 
!••• ; Vari ° US 6XtentS U8lng Hrase-a-B.;se Prog«na kit:! DNA of pWd8 
I , containing the insert at various degrees of degradation was denatured 

and subjected to sequencing as described by Hattoni and Sakaki (Anal. 

Biochem. 152. 232 -238) wlth the ald ^ the Sequena8e ^ ^ 

Reinsert was shown to have 965 nucleotides. Figure 2 shows a 
Partial nucleotide sequence of the C2 insert and the deduced amino 
acid sequence which it codes for. Within this sequence the- 
NH 2 -terminal amino acid sequence of TBP-X, on the basis of which the 
cDNAhad been cloned . can be detectld (underlined) . Figure 3 show8 
the 3,3-965 nucleotide sequence of theC2 insert and Figure 4 shows a ' 
possible total nucleotide sequence of jthe C2 insert. 

Example 6 

.Detection and ^ nf th|l ,„„„,„ [or ^ ^ ^ ^ 

Total R NA was extracted from ceu ! s of fche flnd iinee ^ 

, . the -hot phenol" method according t < T> ^ ^ ^ ^ 

P- 194. Sample8 of 50 and 25(ig RNA w ! ^ anaiyzed ^ electrophores ^ 
Pn 1.31 agarose gel in the presence o^ 2.2* formaldehyde followed by 
plotting to charged nylon filter. T^e ScoRI insert of the C2 clone 

if/r " P - lflb6led ^ 1-beUing systems 

g^kits and hybridized to the chargjd nylon blot (42 . c ln 

i, :t formamide,. _ as shown in Figure 5 in both cells the cDNA was found to 
g^hybridUe to mRNA of Just a single si e, of about 198-21S and having 
ll^about 2500 nucleotides (right strongJr dot - 50 . g RNA, left weaker 



..dot - 25 |xg RNA). 




w 



li 
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Claims 



A DNA molecule comprising a recombinant DNA molecule or a cDNA 
molecule coding for a protein comprising the amino acid sequence 
of TBP-I or a protein substantially homologous therewith. 

A cDNA molecule according to claim 1 comprising a 1.08 Kb C2 
insert of about 0.965 Kb, said insert providing a partial 
restriction map substantially as shown in Figure 1 upon 
digestion with restriction enzymes. 



A cDNA molecule according to claim 1 or 2 comprising the partial 
nucleotide sequence shown in Figure 2- or a nucleotide sequence 
substantially homologous therewith. 



A cDNA molecule according to claim 1 or 2 comprising the partial 
nucleotide sequence shown in Figure 3 or' a nucleotide sequence' 
substantially homogolous therewith. 

A cDNA molecule according to claim 1 or 2 comprising the partial 
nucleotide sequences shown in Figures 2 and 3 or nucleotide 
sequences substantially homogolous therewith. 

A cDNA molecule according to any of the preceding claims 

comprising the nucleotide sequence shown in Figure 4 or a 

t 

nucleotide sequence substantially homologous therewith. 



A cDNA molecule according to any of the preceding "claims 

12 



encoding a protein, comprising the- : amino acid sequence of TBP-I 
or a protein substantially homologous therewith. 

8 A replicable plasmid vector comprising a DNA molecule according 
to any of the preceding claims. . j 



9. A replicable plasmid vector according to claim 8 comprising the 
C2 insert of any of claims 2 to 8. 

10. A bacterium transformed with a replicable plasmid vector 
according to claim 8 or 9. j 



11. A bacterium according to claim 10 which i 



8 an E.coli strain. 



.12. E.coli TGI C2 having the deposit nlimber CNCM 1-917. 



13. Oligonucleotide probes useful for picking up genes from cDNA 
libraries which code for proteins comprising the amino acid 
sequence of TBP-I , said probes having the formula: 
1008 



1009 



1010 



GGI GTC CCI TTC 
T T 



GGA GTC CCA TTC 
C T C T 
T G 
G T 



ATA TAA GTA GGI GT 
G G G 
T 

ATA TA 
G 



TTC iATA TAA GTA GGA GT 
T j G G G C 



DNA molecules hybridizable to allj three oligonucleotide probes, 
according to claim 13 and which code for a protein comprising 

. 13 ; 



the amino acid sequence of TBP-I or a protein substantially 
homologous therewith. 



mRNA isolated from- U937 and HT2J» cells having a size of about. 
2.5 Kb and being hybridizable with the C2 insert of claims 2 to 
7. 



The mRNA of claim 15 coding for 

acid sequence of TBP-I or a protein substantially homologou 
therewith. 



i protein comprising the amino 

8 



For the Applicants 




jPatenyt Attorney 
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Figure 2 
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CCTTTrATATAGGTGGOAeTTTTATVAAGC TAAACOACATCCT'! CArG^2TOTTT<~CTTi?G " 
<•? I 'jL y sTijr I leHisProQInArnAjnijar 1 .1, ^tuCmThrl'n'fu.m.i „. . . 



60 



61 



1 2i I™! ™ l^. 1 ^* 1 0CA««CCCa8O0CAGeATACGSAC TOO****. 
MeAACATCTTACT0ACAGeTCC000C<j«^c3?A^C?»AE.:WWT." 
Phal -"T,rA,nA3pCy,ProeiyProdlyeinA a plhrA fcp r:,sA,.gCI„ 




FIGURE 4 



AT^GCTTAAGGCCAGGGAGTGGftTCCCCTGTCcitTCTTC^ AO 

«^.T„u.H„p r .„ nAtnAlB , irtlfljn CMlt , TT ^y. 

1B1 ^^^II"?^ . . 

; CCGAGGAAGTGCGAAGTCTT I GGTGGAGVCTGl QACG^AG I CGACCaSo? ^ ««• 
Gl y S^-r PhsThr LoijGlnLv sProProGI ti7 lirLpuP i-oG lnL-uL'-'uG 1 |>M<- tpr L 

CCTTACCAGTCACTCTGAGAAGAACGTGTCftCCTGGCO .00 

. G ^^^^ Se ,G lU T hrL9 . LtuAUGlnTrpT ; rGlyThrfj ^ r 

3oi .^2^ - 

APS ' Th "'"Thr.,-lgIl eIleGl - wValL Thrpji ■ 
. «efeAr g P h , Ph9L9l . )ArgG1 , jAsnGliiC , 
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FIGURE 4 (contdj 



541 



f 

GluC ys rhrLy sL 9i J C ys L 9 , J P,.oCtr,H 9 .3luA S nV a iL ys c--luT.,rG. I ,A- 0 - or r, 
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Detection of TBPI mRNfi 
by northern blot hybridization 
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